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C54) Title; POLYETHYLBNE FILMS FOR PACKAGING 



3^ (57) Abslmct: An elasric film comprising a pQlymer Wend comprising (peicenr by weiglir): 1) 50 lo 809& of an eihylcoB polymer 
componiian compriinng a recmring tuiit denve<I from an ester selected fitxa (1) eibylenically un&icuraicd oiganic manomer of csicrs 
ornnsatuiaied Cj-C^o monocarboxyHc ucids and C|, to monovalenidiphodc orahcyclic alcohols, and (2) vinyl cstcnt of sansraied 

© C2-C18 cwbwxylic adds, wheiein the ester content rangi ng trom 2.5 to 8 wi% based on ihc loud weight of ihe final ethylene polymer 
composition; ihc ethylene polymer composidon having a dcnfdty ranging from 0-920 to 0»935 g/mL; and ID 20 TO 50% of an elhylcn©- 

^ bas«d polymer component having a density rai^i^ &om 0.9 n 0.930 ^mL and a melt flow 2at« up 10 4 g/10 min. The film diat has 
a ratio between die MD Elcnendorf tiear resistance and TD 'Blmendorf laar re^stance of 0.3 or kss is Suit4ible for pallci application 
as banding tape. 
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•TOLYETHYLENE FILMS FOR PACKAGING " 

The present invesitioix relates to elastic films and in paztieular elastic banding tapes 
suitable for packaging. More particularly, it -relates to fiUms and banding tapes made from 
polyolefin materials comprising a blend of low density ethylene copolymers and minor 
amounts of linear polyethylene. 

There ate many items of commerce that are bundled together for shipment and sale. 
Typically bottles, cans> glassware and any other palletized staked item are but a few of such 
items. Banding tapes must remain secure during shipment and handling so tfaey-can provide 
the suffidem pallet stability. 

One way to band or bmidle items is by using polypropylene or polyester strapping, tapes. 
However, the narrow width of tiie strap exhibits certain drawbacks. The strsp can be 
unsuitable to consolidate items into palletized units in tlie case of small items because the 
strap does not involve every item. 

Another drawback caused by tiie nanow widdi of stra3>s is the very nattow room where to 
print trademailcs and other pieces of information. This is a very serious drawback for 
marketing purpose. 

The Applicant has now discovered an elastic film and an elastic banding tape comprising 
an elastic polyolefin composition that exhibxts exceUezil sealing and dynamic p rop er t i es such 
as good elastic pxoperdess flexibility, high reddual stxengftx and a desired balance between 
tensOe strength and residual strength. 

The banding tape of the present invendon has the advantage that can be produced vAfh 
any width. It means that the tape of the present invention does not have the above-merrtioned 
drawbacks that are typically of the straps. 

The film and tape of the preset invention advantageously have also quite good optical 
properties. 

Therefore, the present invention provides an elastilo film or an elastic banding tape 
comprising a polymer blend (A) comprising (percent by weight): 

T) 50 to 80%, preferably higher than 50 to 75, more preferably 60 to 70%, of an ethylene 
polymer composition comprising a recurring unit derived fi:om an ester selected ftom (1) 
ethylenically unsaturated organic monomer of esters of unsaturated C3-C20 
monocarboxylic acids and Ci to C24 monovalent aliphatic or alicyclic alcohols, arid (2) 
vinyl esters of saturated CVCis carbox^c acids^ wherein the ester cont^ zangjng &om 



PAGE 64/75'RCVDATm85:10:52PM [Eastern Daylight Time]^ 



May-07-08 04:21pni Froni-Basalt 
WO 2004/104084 



+1 302 478 2796 T-446 P. 065/075 F-561 

PCT/EP2004/005353 



2.5 to 8 wt%, preferably 3 to 6.5 wt%, based on the total weigjit of the final ethylene 
polymer composition; the ethylene polymer composition haviog a density mn^uag from 
0.920 to 0.935 g/inL; and 
D) 20 to 50%> prefei^ly 25 to less than 50, more preferably 30-40%, of an ethyleiie-based 
polymer component having a density i^nging from 0.9 to 0.930 g/mL, preferably 0.910 
to 0,925 g/inL, and a melt flow rate iq) to 4 g/10 mm, preferably from 0.5 to 2 gflQ mm; 
the said component being selected from: 

i) a linear polyethylene (i) consisting of ethylene and 0,5 to 20% by mole of a 
CH^HR a-olcfin, where R is a hydrocarbon radical having 2-8 carbon atoms; 
and 

ii) a polymer blend (u) compiismg (a) 80-100 parts by weight of a random 
intexpolymer of ethylene wrfli at least one CH^^CHR a-olefins, ^eie R is a 
hydrocarbon radical having 1-10 carbon atoms, the said polymer containing iq) to 
20 moI% of CNb'^CHR a-olefin and having a drasity between 0.88 and 0.945 
gfwL; md (b) from 5 to 30 parts by weight of a random interpolymer of propylene 
with at least one CH^K!2HR a-olefin, where R is a hydrocarbon radical having 
from 2 to 10 caibon atoms, and optionally ethylene, said intezpolymer (b) 
containing from 60 to 98% by weight of units derived from propylene, from 2 to 
40% by weight of recurring units derived from the CH2=CHR a-olefin, and-fiom 0 
to 10% by weight of recurring units derived from ethylene, and having a xylene- 
insoluble fraction a room temperature greater than 70%. 

The film or tape according to the present invention has a ratio between the MD Ehnendorf 
tear resistance and TD Elmendorf tear resistance of 0.3 or less. The Elmeodoif tear 
resistance is -detennined according to the method as described hezeinbelow. 

Preferably the film (hereinafter the word fihn also implies the word tape) according to the 
present invention exhibits a value of 2% secant MD tensile modulus equal to or lower than 
130 MPa. 

Typically, the film according to the present invention has a ratio between the value of MD 
reaidual strength at 30% and MD tcausilc stress at 30% of 0.5. 

The fihn advantageously has a value of MD normalised residual strength at 30% ranging 
from 7 to 11 cN/fun, preferably from 7.5 to 11 cN/Mm. The said mechanical properties are 
detemiined as explained hereinbelow. 

2 
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As used herein, the phxase ''noncalised lesidwal strength" is the re^ 
by the thickness of the film/strip. 

The abbreviadon ''MD'* means "machine direction", and refers to a direction "along the 
length" of the JBlncL, i-e., in the direction of the fihn as the fihn is formed during extrusion 
and/or coating; the abbreviation *TD" means ^transverse direction"^ emd refers to a direction 
acax)ss the film, perpeiidicular to the machine or longitudinal direction- 

Preferably, ethylene polymer composition (1) is an inter^lymer of ethylene wfh at least 
one comonomer selected from above-mentioned esters (1) and (2)^ wherein the comonomer 
content is within the 2-8 wt^^ range. Tlie tenn "intezpolyxner" as nsed herem refers to 
polymers prepared by the polymjerization of at least two difGsreat types of monomers. Hie 
generic term "inteipolymer" ttins includes the tenn ''copolymers*' (which is usually employed 
to refer to polymers prepared from two difE^ent monomers) as well as the term 
''terpolymers'* (wtaich is usually employed to refer to polymers prepared from three different 
types of monomers^ e.g., an eOylene/butene/hexene polym^). 

Alternatively, ethylene polymer compositton Q) can be a blend comprising (a) an etfayleno 
homopolymer or inteipolymer of ethylene with at least one of above-miisntioned esters (1). 
and (2) wherein the esters content is in an amount from 2 to less than 8 wt% and O) an 
inteipolymer of ethylene with at least one of above-mentioned esters (1). and (2). In. 
interpolymer (b) the content of the e5ter(s) can be higher than S wt!^, provided that in the 
blend the ester content is in the range from 2 to 8 wt%. 

In said blend ethylene homopolymer (a) is preferably a low density ethylene 
homopolymer (which is known as LDPE)^ which typically has melt flow rate ranging from 
0.1 to 20 g/10 mijx and a density value of 0,015-0.932 g/mL. LDPE is produced according to 
known polymerisation method with a free radical initiator^ such as peroxide and oxygen. It is 
generally produced by either a tubular or a stirred autoclave reactor. 

In such a blend ethylene interpolymer (b) can have a density value higher dian 0.940 
g/mL- 

As specific examples of the comonomers copolymerized with the ethylene monomer to 
produce ethylene polymer composition (I), there can be meixtioaed unsaturated carboxylic 
add esters represented by acrylates and methacrylates, which include aciylates and 
mettiacrylalBs havmg a linear or branched alkyl group with 1 to about 24 carbon atoms, such 
as methyl acrylate, ethjd acrylate, propyl acrylate, butyl acrylate, t-butyl actylate, isobutyi 

3 
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acrylate, pentyl acrylatc, isononyl aciylate, hexyl acrylate, 2-methylpeiit5i aciyiate, octyl 
acrylate, 2-ethylhexyl acrylate, dodecyl acrylate^ methyl methaciylate and ethyl 
methacrylate; lamyl (metb)acrylate and cyclohexyl (ineth)acrylate. 

la branched ethylene polymer composition (I) haviog low density preferred comonomers 
which can be copolymerized with efh^ene include methyl acrylate (EMA copolymers), cth>i 
acrylate (EEA copolymers), butyl acrylate (EBA copolymers) and vinyl acetate (EVA 
copolymers). EBA copolymers and EVA copolymers are the most preferred copolymers. 

Ethylene polymers (11) are inclnaive of diverse groups of ethylene polymers having low 
density. More spedfically, the term **linear polyethylene" used herein encoaqpasses bo^ 
heterogeneous materials as linear low density polyethylene (LLDPE), very lew and ultra low . 
density polyethylene (VU^PE and ULDPE) as well as hamogeneous polymers. Said 
homogenous polymers also known as plastomets are thermoplastic homopolymeis of - 
ethylene and mterpolymers of ethylene, wxth one or more a^lefins. having 2-10 C-3tozns, 
which are to be prepared by xncaos of metallocene catalysts and other single-she catalysts. 
As arule, thepropartion of comonomerianges between 0 and SO wt.%, preferably between S • * 
and 35 wt.%. Said homogeneous polymers usually has a density betwem 0.90-0.930 g/mL 
and a melt flow rate value of 0.8-2.0 g/lO min at 2.16 kg loading and 190^ C. The. 
homogeneous polymers are different fiom the polyettiylenes prepared by. means of Ziegler- • 
Natta catalysts, for example, in that they have a narrow molecular weight distribution,- which 
in temis of Mw/Md values usually ranges between 1.5 and 3, and a luoited degree of long 
chain branching. As a rule, the number of long chains amounts to maximally 3 per 1000 C- 
atoms. 

Suitable homogeneous polym^s are produced on a commercial scale, for example by • 
Exxon Chemical Company and DEX-Plastomers imder the brand name Exact and by Dow 
Chemical Company, which commercializes them with the tradetaark Engage, AfSnity and 
Elite, and by Mitsui Petroch^cal Corporation, which commercialized than with the 
trademark Tafiner, 

La ethylene polymer composition Q) the ester content is typically 3 to less ^fl" 5 wt% 
when ethylene-based polymer componeixt (II) is a homogeneous polymer. 

The low density of the linear polyethylene is obtained by copolymerizing ethylene with 
flie above CEb=CHR OE^olejQns where R. is a linear or branched hydrocarbon radical with 
from 2 to 8 carbon atoms; the oleSn is preferably selected fixmi 1-butene, 1-hexene, l-octene 

4 



PAGE 6//7S'RCVDATS/7/20085:10:52PM [Eastern Daylight Tiine]'Sm^ 



May-07-08 04:22pin FroiD-Bassil 
WO 2004/104084 



+1 302 478 2798 T-446 P. 068/075 F-561 

PCT/EP2004/005353 



and 4-methyl-l-penteiie. The most preferable comonomers in ethylene copolymer axe 1- 
butene, 1-hexene and 1-octene. 

Linear polyethylene (B) used in the present invention is prq)ared according to knovvn 
ways of polymerization involving the use of coordination catalysts of the ''Ziegler-Natta'' or 
'Thilips" type. For example, it is prepared by copolymerization of ethylene with a C4-Ci(ra- 
olejSn in the pxesence of a Segler-Natta type catalyst obtained by the reaction of an 
organometallic compound of a metal from grc>iq>s 2 and 3 of the Periodic Table with a 
catalytic component comprising a transition metal bdonging to groups 4 to 6 of the Periodic 
Table. Preferably the transitiQn metal compound is supported on a solid carrier comprising 
magnesium halide in active Sarm. Exanoples of catalysts usable in the preparation of the 
copolymer are described in parents 4^18,339 atd 4,472^20. The calalyst may also be 
prepared according to the methods described in the US patents 4,7489221 and 4^803;2Sl. • 
Pardculady prcfencd ace tibe catalysts con3|»ising components having regular morphology; 
for example sphericaL Exaniples of such catalysts are described in the European patent 
j^ications 395083, 553805 and SS3806. 

The above, polymer blend (ii) is described in international patent application WO 
95/20009. The propylene inteipoIym» in blend (ii) may be, tor example, a copolymer of • 
propylene with ediylene or a copolymer of propylene with butene-1. It is preferably a 
tcipolymer of propylene with ethylene and a C4-Cio-a-olefin. In such a case, the propylene 
content is from $5 to 96 w(%, the ethylene content is from 2 to 8 wt% and the Q-Qo-a- . 
olefin content is from 2 to 7 wt%. 

In polymer blend (ii) component (a) is preferably a copolymer of ethylene with 1-butene - 
and component (b) is a terpolymer of propylene with ethylene and 1 -butene. 

The high insolubility in xylene of the propylene int^polymer (b) is indicative of a 
stereoregular structure of the propylene recurring units and of homogenous distribution of 
the comonomer(s) in the interpolymer chain. The insolubility in xylene, detemiined as 
described hereinbelow, is preferably greater than 75 wt%, more preferably greater than 85 
wt%. 

The heat of fusion of the propylene interpolymer (b) is generally greater than 50 J/g, 
prefembly greater than 60 J/g, more pr^^erably greater than 70 J/g. 

The melting temperature of the propylene mterpolymer (b) is below 140*^ C and 
prafbmbly from 120^ to 140" C. 

5 
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The crystalline index of the propylene inteipolymer (b) is generally greater than 50%. 

The MFR vatus, which is detennined as described hereinbelow, of the propylfinB 
inteipolymer (b) is generally from 2 to 30 g/10 min. 

The jjTOpylene interpolymer (b) can conveniently be prepared using a highly 
stereospecific catalyst, for example, of the type described in patent appHcatiocL EP 395 083. 

Polymer blend Qi) can be obtained by firstly blending the components (a) and (b) in the 
solid state and then being fed into the ejctnider wherein the two components are mixed in the 
inolten state, for example in a mixer with high inixing cflSdency. 

Acconfing to a preferred mefliod, polymer blend. Qi) is prepared directly by 
polymerization process m. at least two reactors in series ^v^ch, woridng in any order and 
usfaig the same catalyst in Ihe various reactors, ethylene polymer (a) is prepared hi. one 
reactor and the propylene polym^ (b) is produced in the olh^. The polymerization is - 
conveniently carried out in the gas phase using fhiidized-hed reactors. Exanqdes of polymers 
prepared according to the said method aie described in patent applications WO 93/03078 and 
. WO 95/20009- A suitable catalyst is obtained from the reaction of: 

A) a solid catalytic cQmp<»xent comprising a titanium conxpozieaat containing at least a 
titanium halogen bond supported on a magnesium halide in active form and optionally > 
an electron-donor coztrpomad; 

B) an Al-alkyl compound; and, optionally, 

C) an electron-donor compoimd; . .... 
The polymer blend (A) according to the present invention is formed by any convenient 

method, including dry blending the individual components and subsequently mdt-mixing, 
either directly in the extruder used to make the. film/strip, or by pre-melt mixing in separate 
extruder before making the film/strip. 

Obviously, in accordance with what is known by a person skilled in the art, feirfher 
additives (such as stabilizers, antioxidaiit, antiblocking, slip agents, colours, etc.) and fillers 
than are capable of imparting specific properties to the film/strip of the present invention 
may be added to the polymer blend (A). 

Ihe filrrt of elastic material can be made using any of the several methods of film fonning 
known in the art sudi as, extrusion, coextrusion, blowing and cast and the like. 

The film of the present iiivention may be monolayer or multilayer, HoAvever, for 
coextmded multilayer structures (e.g., 3-layer strip structures) at least one skm layer should 
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be made jfrom the polymer blend (A) described herein^ of course it can also be used as a core 
layer of the structure. Generally, the polymer blend described herein comprises at least 60 
wt% of the total multilayer structure. Preferably, the polymer blejad disclosed herem is used 
as the core layer. la such a film, the skin layers can comprise other polyethyiene types &om 
high to low density as well as polypropylene types^ or blends of them, in order to impart 
particular propeities at inner or outer fece of the film> 

A particular aspect of this invention can iuvolve multilayer film where each layer of film 
consists of the same claimed polymer composition which, however, contain different 
additives^ stabilizers, filler. 

The fbickness of the fihn must also be considered as it relates to the recovery force 
exerted by the isoaterial upon being stretched. The lecovery force is the force exerted by an 
elongated strip of material to return to its natural state. The thickness of the frltn of fhe 
present inventioo may, Iherefbre, vary widely but typical thickness ranges are fiom about 
0.025 mm to about O.I mm, preferably fiom about 0.040 mm to about 0.070 mm. A ttdnner 
film is preferred for cost reasons, but it zDUSt be thitik enough to provide adequate tensile 
straagth for a particular application and processing method. For the itstte layer structures 
same final thickness and weig]it are useful, but eadi layer distEibutLon. may vary fiom S to 
50% of the total film thickness, and a number of layers are minimum 2 to 7» preferably 3 to 
5. 

The film according to the pr^ent mvention can be printable after corona treatment. 
Typically the fihn has a wei^ of from 20 to 90 g/m^. 

The following examples are given to iUustrerte and not to limit the present inventiorL 
The data relating to the polymer blends and die strips of the examples are determined by 
way of the methods reported below. 

- MFR : Measured accordine to ISO method U 33 (1 90° C, 2.1 6 kg). 

- Density: Measured according to ASTM method D-792. 

- Comonomer cantenfc Determined bv JR spectroscopv. 

- FractioDS soluble and insoluble in xylene at 25^ C: 2.5 g of polymer are dissolved in 250 
ml of xylene at ISS** C undex agitation, Afber 20 nunutcs tiic solution is allowed to cool to 
25° C, Still under a^tation, and then allowed to settle for 30 minutes. Ihe precipitate is 
filtered with fitter paper, the solution evaporated in nitrogen flaw» and the residue dried 
under vacuum at 80° C until constant weight is reached. Thus one calculates the pexG»t 
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by wei^t of polymer soluble and insoluble at room temperature (25° C). 

- Tear resistance : Measured using an Elmcndorf tear tester according to ASTM mcihod D 
1922, determined both, in machine direction and transvexsal direction. 

- 2% secant te n^Te TnnAilus: Detemined accoitiing to ASlM method D 822. 

Tensile strength and residual strength : Determined according the MA 17301 internal 
method available upon request. The test is carried out on a fihn gpecimen cut fiom a filirL 
The film has previously been kept at 23*' C, 50% is the relative humidity, for at least 24 • 
hours but not over 48-hours. 

The film specimen is placed in an Instron-type dynamometer working at a tensile rate o£ 
50 mm/miTL The film is stressed up to a defomiation of 30%. The strength is measured 
when the deformation of 30% is reached (maximum strength) and after 240 mimuea fiom 
the defonnatioaof3(>% is n^ad]£d (strength 240). The residual stre^ ^ 
the ratio between residual strength 240 and maximum strength. 

- Dart Determined according to ASTM method D 1709A. 

- Hsge: Determined according to ASTM method D 1003. 

- T ^ndiTip fftst tiie tapes prepared as described in the examples are used to palletizing a 
regular shaped testing fi^tme. The fiame sze is 1200x800x1220 mm. The banding test is . 
carried out by using a Roboband 2VH machine tbat also seals the twa endings- of the 
ts^es. 

The evaluated properties are resistance of the sealed tapes portion and banding step on 
pallet. 

The quality of sealing is determined by evaluating resistance at yielding or breakage of 
sealed t^>es portion immediately after the sealing. 

The quality of banding step is determined by evaluating toughness of tapes around the 
fi^ame. 

Polymers used in the example and comparatrve example 

- Ethylene-butyl aciylate copolymer, EBA copolymer: the content of recurring units 
derived from butyl acrylate is 6^ wt%, the MFR value is 0.25 g/lOminand the density 
is 0.923 g/mL; 

• Low density ethylene homopolymer, LDPE: the MFR value is 0.3 g^lO min and the . 
density is 0.923 g/mL; 

- Very low density eOiylenB-octene-l cqpolymer, VLDFE: the content of recurring units 

8 
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derived from octene-1 is 15.3 wt% (43 mol%). MFR is 1 g/10 min and the density is 

0512 g/niL. 
Example 1 and Cogiparative Example! 

A poljnDier blend is prodxiced by extruding the proper components in a single screw type 
extruder (30 L/D screw length). Table 1 lists the polymers used and their relative amounts. 

Then, the thus obtflined polymer blends are extruded trough a 40 mm grooved feed single 
screw extruder CKRC40X thus a tape is produced 

The physiced and medianical piopeities of the films as well as the results of the banding 
test carded out on tbe tape are luported in Table 2. 

In compaiteos. ^wilh the tape of tbie comparatLve example the tape accordiiig to the present 
inv^tion exhibits both a good balance of mechamcal properties^ good transparency and 
good sealability. Resistance of the sealed tape is an indirect index of the sealabiUty of the 
ti^e. The banding test shows that the tape according to ^epre^ • 
main properties that make a tape suitable for ban^ng. . 

Table 1 



■ Conqiaaetits (wtM) 


^cample 1 


Coxopaialive Example 1 1 


EBA copolymer 


67 


0 


IDPE 


0 


100 


VLDPE 


33 


0 
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Table 2 




>Force reqiraedto cause the stretdiing of 30% of a specimai of xoateriaL 
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CLAIMS 

1) Anebsticfflmcoinprisiiigapolymerblend(A)comprismg(p^ 

(I) 50 to 80% of an ethylene polymer compositioii comprising a recurring mut 
derived j&om an ester sdected from (1) ethyienically unsawrated organic 
monomer of esters of unsaturated C^-C^ monocarboxylic acids and C, to C24 
monovalent a^hatic or alicyoUc alcohols, and (2) vinyl esters of saturated C2- 
C„carboxyH6 acids, vvherein the ester content ranging from 2.5 to 8 wt% b^. 
on the total weight of the final ethylene polymer composition; the ethylene 
■ poljpmer composition having a density ranging from 0.920 to 0.935 g/mL; and 

(n) 20 to 50% of an ethylene-based polymer compoBcnt having a density ranging 
from 0.9 to 0.930 g/mL and a melt flow mte to 4 g/10 mim ftie said 
component being selected from: 

© alineax polyethylene ® consisting of ethylene and 0.5 10 20%by mole of 
a CH2=CHR a-olefin, where R is a hydrocarbon radical having 2-8 
carbon atoms; and 

in) a polymer blend (uOcomprismg (a) 80-100 parts by weight of a random, 
iirfeipolymer of ethylene with at least one CH^rCHR a-<,lefins, wheie R 
is a hydrocarbon radical having 1-10 carbon atoms, the sdd polymer 
containing 1^ to 20 mol% of Cafe=CHR c^le&i and having a density 
between 0.88 and 0^5 gAoL; and (b) from 5 to 30 parts by weight of a 
random interpolymer of pnipylene with at least one CEb^CHR a-olefin, 
vdieiB R is ahydrocarbonradical having from 2 to 10 carbon atoms, and 
optionally with eehylene, said interpolymer (b) containing fiom 60 to 
98% toy weight of units derived from propylene, from 2 to 40% by weight 
of recarring vmits derived from the CIfc=CHR a-olefin. and from 0 to 
10% by weight of recurring imits derived from ethylene, and having a 
xylene-insoluble fraction a room temperature greater than 70%. 
said fihn having a ratio between 4e MD Ehnendorf tear resistance and TD Ehnendotf 

tear resistance of 0.3 or less. 

2) The fihn of claim 1, wherem ethylene polymer composition (1) is an ethylene-bntyl 

acrylate copolymer or ethylene-vinyl acetate copolymer. 

3) Ti,e fihn of claim lor 2, vAerein ethylene polymer ©has a comonomer selected from 
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btitene-1, hexene-1, octene-1 and4-inethyH-peiitBiie. 

4) The fOm of claim 1, wherein in polymer blend (ii) polymer (a) is an cthylenc-butene-l 
copolymer. 

5) The film of claim 1, -v^erein in polymer blend Cu) polymer (b) is a propylene-ethylene- 
biitene-l terpolymer, 

6) An elastic banding tape according to claims 1 to 5. 
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